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Action: Manage the effects of noise and vibrations in Army aviation

Conditions: While performing as an aircrew member.
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Fundamentals of Aerospace Medicine
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ENABLING LEARNING OBJECTIVE

ACTION: Manage the effects of vibration in Army Aviation

CONDITIONS: | While performing as an aircrew member

STANDARDS: | IAW FM 3-04.301 (FM 1-301), AR 40-501, DA PAM 40-501 and
Fundamentals of Aerospace Medicine

Learning Step / Activity 1. Identify vibration terminology

a. Vibration is the motion of an object relative to a reference position (usually the
object at rest) involving a series of oscillations resulting in the displacement and
acceleration of the object.

b. Frequency is the number of oscillations of any object in a given time measured in
cycles per second (cps). The international standard unit of frequency is the hertz
(Hz). (1 cps equal 1 Hz).

c. Amplitude is the maximum displacement of an object from its position at rest.

d. Duration is the amount of time exposed to vibration.

e. Natural body resonance is the mechanical amplification of vibration by the body
occurring at specific frequencies.

f. Damping is the loss of mechanical energy in a vibrating system. This causes the
vibration to slow down.

(1) When the body is subjected to certain frequencies, the tissue and organs will
begin to resonate (increase in amplitude).

(2) The connective tissue (muscle, tendons and ligaments) that binds the major
organs together reacts to vibrations like a shock absorber.

(3) The reason why humans do not receive life-threatening injuries every time they

go flying is due to the minor amplitudes of the vibration in the aircraft and the
ability of the body to provide some damping against those vibrations

Learning Step / Activity 2. Identify the sources of vibration

a. Vibrations are produced within the aircraft and the environment in which the
aircraft operates.



(1) Vibrations within the aircraft originate primarily from the engines, the main rotor,
and the tail rotor system. The following table shows the estimated frequencies
for an UH-1 helicopter:

UH-1
COMPONENT FREQUENCY
Engine 110 Hz
Main Rotor 4-11 Hz
Tail Rotor 30-60 Hz

(2) Increased airspeed, internal and external loading of the aircraft can also cause
vibrations.

(3) Environmental factors such as turbulence may also intensify vibrations.

(4) Helicopter vibrations occurs with similar intensities in all three axes of motion, (
X,Y,Z).

b. The amplitude of the vibration differs in each mode of flight. The highest level of
vibration occurs during the transition from flight to a hover and hover to flight.

Learning Step / Activity 3. Identify the effects of vibration on human performance during flight

a. Vibration affects the aircrew member’s ability to perform simple tasks during flight.

b. Manual coordination and control “touch” is degraded at 4-8 Hz. Pilot induced
oscillations occur when the aircrew member over controls during turbulence and/or
transition from a hover to flight.

c. Vision could be affected due to vibration in the aircraft, visual instruments may be
difficult to read. Helmet mount or night vision devices may vibrate at 4-12 Hz.

d. Speech can be distorted during oscillations of 4-12 Hz. Above 12 Hz, speech
becomes increasingly difficult to interpret.

Learning Step / Activity 4. Identify the short term effects of vibration

CAUTION: Vibration can cause short-term effects because of the body’s mechanical
properties.

a. The human body acts like a series of objects connected by springs.

(1) The connective tissues that bind the major organs together react to vibration in
the same way as springs.

(2) When the body is subjected to certain frequencies, the tissue and organs will
begin to resonate (increase in amplitude).



(3) When objects reach their resonant frequencies, they create a momentum,
which increases in intensity with each oscillation.

(4) Without shock absorption, vibration will result in damage to the mass or object.

b. Helicopters subject aircrew members to vibrations over a frequency range that
coincides with the resonant frequencies of the body. Prolonged contact with
vibration causes short-term effects to the body. The reason why humans do not
receive life-threatening injuries every time they go flying is due to the minor
amplitudes of the vibration in the aircraft and the ability of the body to provide
some damping against those vibrations.

BODY PART RESONANT FREQUENCY
Whole Body 4-8 Hz
Shoulder girdle 4-8 Hz
Head 25 Hz
Eyes 30-90 Hz

c. Fatigue.
(1) Vibration causes the body’s muscle groups to make reflex contractions.

(2) When the human body is in motion, pressure receptors located in tendons and
muscles constantly measure angular position of the muscles so as to maintain
posture and balance.

(3) These receptors respond to vibration causing contraction or tightening of the
muscle. For example, vibration placed on both calves of a standing subject
resulted in the subject experiencing the sensation of leaning forward.

d. Respiratory effects.

(1) Hyperventilation is caused when the diaphragm is vibrated at its resonant
frequency of 4-8 Hz.

(2) The result of vibrating frequencies in the diaphragm will cause “artificial
respiration”.

e. Circulatory effects. Increase in pulse rate and blood pressure are other symptoms
of exposure to vibration.

f. Motion sickness.

(1) Vibration with a frequency of less than 1 Hz (slow rolling of a ship) can produce
nausea in susceptible people.

(2) The Neural Mismatch Theory postulates that there is long term memory storage
of the “correct world,” in terms of movement as a terrestrial being, which is
matched against the actual conditions. When these perceptions do not match,
then the brain perceives an imbalance and initiates a reflex response in the
stomach. It is a theory that motion sickness stems from the innate response
humans have when confronted with the neural mismatch, caused by the poison,
seeks to rid the body of the poison by vomiting.



g. Disorientation. Vibration affects the semicircular canals and the Otolith organs,
which in turn respond to the changes in angular and linear motions.

h. Pain usually results from pre-existing injuries received before flying, such as stress
fractures, and other traumas. Vibration aggravates those conditions.

Learning Step / Activity 5. Identify the long term effects of vibration

CAUTION: Long-term exposure to vibration over a period of time may cause injury to
air crewmembers.

a. Raynaud’s Disease (White finger) occurs to the hands after prolonged exposure to
vibration from power tools, jackhammers, or other such equipment that vibrates at
high frequencies. Trauma occurs in the arterioles and nerve endings in the
extremities and limits the blood flow to that portion of the extremity.

b. Backache/back pain in aircrew member may result at an earlier age than normal.

(1) The lumbar spine, in particular, is subjected to higher pressures during aircraft
operation because the weight of the torso on that part of the spine while sitting.
When the body is standing, the legs support most of the body's weight.

(2) Bone, like other organs, requires blood to provide nutrients for life. When the
spine is subjected to high levels of vibration, blood flow is reduced. The
reduction in blood flow results in premature degeneration of bone structures
within the spine.

(3) If you bend steel back and forth enough times, you can produce a weak section,
which will eventually break. This same principle can be applied in
understanding injuries to the spine.

c. Kidney and lung damage. Currently under scientific study, the effects of vibration
on the functions of other organs include:

(1) Signs of overexposure to vibration may be blood in the urine (kidney).

(2) Lung damage may result after prolonged exposure to vibration at resonant
frequencies.

Learning Step / Activity 6. Identify the method(s) used to reduce the vibrational threat in Army
aviation

a. Vibration cannot be eliminated, but its effects on human performance and
physiological functions can be lessened.

b. Maintain good posture during flight. Sitting straight in the seat will enhance blood
flow throughout the body.

c. Restraint systems provide protection against high magnitude vibration
experienced in extreme turbulence.



WARNING: Body supports such as lumbar inserts and seat Cushions reduce
discomfort and can dampen vibration; however, during a crash sequence they may
increase the likelihood of injury due to their compression characteristics.

d. Maintain your equipment. Proper aircraft maintenance such as blade tracking can
reduce unnecessary vibration exposure.

e. Isolate the aircrew members or passengers. When loading patients on MEDEVAC
aircraft, remember that patients placed on the floor will experience more vibration
than the one on the litter support system.

f.  Limit your exposure time. Make short flights with frequent breaks, rather than one
long flight, if mission permits.

g. Let the aircraft do the work. Do not grip the controls tightly. Vibration can be
transmitted through control linkages during turbulence.

h. Maintain excellent physical condition. Fat multiplies vibration, while muscle
dampens vibration. Strong muscles act to reduce the magnitude of oscillations
encountered in flight (damping). An overweight aircrew member is more
susceptible to decrements in performance and the physiological effects to
vibration.

(1) Maintaining good physical condition lessens the effects of fatigue. Good
physical condition permits you to continue to function during extended combat
operations with minimum rest. Energy and alertness is what keeps you alive.

(2) Maintain sufficient hydration. Drink plenty of fluids, even if you don't feel thirsty,
a minimum of two quarts of water over and above fluids taken with meals.
Dehydration coupled with vibration can cause fatigue twice as fast and it will
take double the time needed for recovery.
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